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1 Introduction
In RAN1#76bis, the procedures for small cell on/off transition time reduction were discussed. Quite a lot of companies see the need to indicate the UEs about the cell’s on/off status, with either explicit or implicit ways, in order to support fast small cell on/off. However, there were diverge views about how to indicate the cell status. Candidate indicators are DCI message, reference signal, active time within the DRX procedure and enhanced CA activation/deactivation command.  In this contribution, we discuss the candidate indicators to support small cell on/off with transition time reduction, mainly focus on the DCI/reference signal and DRX procedure candidates.
2 Discussion

2.1 L1 signaling to indicate small cell on/off
In this method, the cell’s on/off status is indicated to UE with explicit DCI or reference signal [1][2]. When receiving the L1 signaling, the UE assumes that cell is on and keeps monitors downlink transmission, otherwise if the L1 signaling is not detected, the UE assumes that cell is off. There should be a tradeoff between on/off transition time reduction and the UE power consumption. Therefore it can be considered that the L1 signaling is transmitted periodically, e.g.  once every 10ms and the periodicity can be configurable by the eNB, which is similar to the eIMTA reconfiguration signaling. It should be noted the periodicity is only defined for UE to monitor the L1 signaling, the eNB however, does not need to transmit the L1 signaling during small cell off status. 
Observation 1: UE can be configured to periodically monitors the L1 signaling indicating cell on/off status and assumes the cell is on if the L1 signaling is detected, assumes the cell is off otherwise.
The L1 signaling for indicating small cell on/off status can be either explicit (e.g. DCI) or implicit (e.g. a reference signal such as CRS). In the explicit case, the DCI can be transmitted on Pcell to indicate the on/off status for each of the Scells. This option does not require UE monitoring the Scell in the periodical subframes but with will increase the PDCCH load on the Pcell when the number of Scell is large. In addition, if the Pcell and Scell are connected with non-ideal backhaul, it is not preferred to use this option since each Scell shall inform the Pcell on it’s on/off status via backhaul, which limits the potential of on/off transition time reduction. Therefore, it is preferred that the explicit signaling is transmitted on each of the Scell respectively. For the implicit case, CRS transmitted on each Scell on the periodical subframes can be used for on/off indicators. UE is required to perform energy detection based on CRS and start monitoring PDCCH if CRS is detected.
Observation 2: It is preferred that the L1 signaling indicating cell on/off status is transmitted in each Scell respectively. 
As the UE monitors the L1 signaling periodically and the PDCCH decoding and CRS energy detection requires processing time much less than 1ms, it is possible that the signaled on/off status can be applied in the same subframe, i.e. 0ms delay. This requires the UE to buffer the subframe containing the L1 signaling. This is the same as existing UE implementation where UE buffers the whole subframe when decoding PDCCH. 
Observation 3: The L1 signaling indicating on/off status can be applied in the same subframe, i.e. 0ms latency.
The interaction between DRX and L1 on/off signaling monitoring needs to be clarified. The following two approaches can be considered:

· Approach 1: A UE is configured with periodicity and subframe offset of the L1 on/off signaling. The UE monitors the L1 on/off signaling irrespective of its DRX configuration. This approach allows the UE to receive the packet as soon as it arrives at the eNB. However, it is expected that the UE power consumption is high depending on the periodicity of the L1 on/off signaling.

· Approach 2: A UE is configured with periodicity and subframe offset of the L1 on/off signaling. The UE monitors the L1 on/off signaling only when it is in a non-DRX subframe according to its DRX configuration. This approach maintains the UE power saving brought by DRX, but incurs larger off-to-on transition latency if the packet is arrived during the DRX duration of the UE. 
Observation 4: The interaction between DRX and the L1 signaling monitoring needs to be discussed.
2.2 Reusing existing DRX procedure to indicate small cell on/off
In this method, the cell on/off status is implicitly delivered to the UE with existing DRX procedures [3]. As shown in figure 1, eNB can configures all the UEs with aligned DRX pattern, i.e. ON duration such that UEs in the cell monitors the same set of subframes. In other subframes, the cell is in off state and UEs do not expect PDCCH transmission. When traffic arrives, the eNB can schedule UE in the preconfigured on duration subframes such that the UE active time will be extended by several subframes, and the cell keeps on transmitting. When there is no UE is active in the cell, the eNB transmission can be switched off. The eNB can also switch UE into DRX OFF state by MAC signaling which is already supported by existing specification. 
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Figure 1. DRX Cycle from TS36.321
Normally in cells without on/off operation, the DRX pattern is configured such that the on durations for different UEs are distributed in the time domain, in order to balance the cell load. However, in a cell operating fast on/off, the DRX pattern shall be aligned for different UEs. Although fast on/off is only applicable for Scell, the DRX pattern on the Pcell will also be impacted since common DRX shall be applied for Pcell and Scell, which is not preferable. Therefore it shall be considered to apply separate DRX configuration for serving cells with and without on/off operations.
Observation 5: Separate DRX configuration across serving cells is beneficial to support Scell on/off.
3 Conclusions
In this contribution, we discuss several aspects on the procedures for small cell on/off transition time reduction, especially focused on the methods of L1 signaling and reusing the existing DRX procedures, with the following observations.  
Observation 1: In case of L1 signaling method, UE can be configured to periodically monitors the L1 signaling indicating cell on/off status and assumes the cell is on if the L1 signaling is detected, assumes the cell is off otherwise.

Observation 2: In case of L1 signaling method, it is preferred that the L1 signaling indicating cell on/off status is transmitted in each Scell respectively. 
Observation 3: In case of L1 signaling method, the L1 signaling indicating on/off status can be applied in the same subframe, i.e. 0ms latency.
Observation 4: In case of L1 signaling method, the interaction between DRX and the L1 signaling monitoring needs to be discussed.
Observation 5: Separate DRX configuration across serving cells is beneficial to support Scell on/off.
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